Abstract The aim of this study was to present our experiences with, as well as the factors that affect, the treatment and outcome of patients with neonatal gastrointestinal perforations (GIPs). Thirty-eight newborn cases that were operated on for GIP in our hospital's tertiary newborn intensive care unit between January 2005 and December 2015 were retrospectively evaluated. The patients were divided into the two following groups: group 1, perforations related to necrotizing enterocolitis (NEC), and group 2, non-NEC perforations. In total, 38 patients (16 males, 22 females) participated in this study. The perforations were related to NEC in 12 patients (group 1; 31.6 %), and the other 26 patients (group 2; 68.4 %) were classified as non-NEC perforation cases. The incidence of neonatal GIP was 0.53 % in all newborn patients, while the incidence of perforation in NEC cases was 20 %. Of all patients, 25 (65.7 %) were premature. Non-NEC pathologies were the most common cause of GIP (68.4 %) and included stomach perforation related to a nasogastric catheter (n = 5), volvulus (n = 4), intestinal atresia (n = 3), esophageal atresia and tracheoesophageal fistula (n = 2), cystic fibrosis (n = 2), Hirschprung's disease (n = 2), appendicitis (n = 2), congenital stomach anterior wall weakness (n = 1), duplication cyst (n = 1), invagination (n = 1), incarcerated inguinal hernia (n = 1), and idiopathic causes (n = 2). Primary surgical repair was performed in all cases without a conservative approach. The mortality rate related to GIP in newborn cases was 47.3 %. While the mortality rate in group 1 was 66.6 %, it was statistically insignificantly lower in group 2 (38.4 %) (p > 0.05). In group 1, the mortality rate of those with intestinal and colorectal perforations was 45.6 and 20 %, respectively (p > 0.05). Non-NEC pathologies are the most frequent causes of GIP in newborns, and primary surgical repair is the primary treatment choice for neonatal GIP. However, GIP remains one of the most significant causes of mortality in newborns. While the prognosis for neonatal colon perforation is good, that for stomach and jejunoileal perforations is worse.
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Introduction
Neonatal gastrointestinal perforations (GIPs) presently have high mortality rates (40-70 %) [1] . Despite advancements in mechanical ventilation, antibiotherapy, surgical techniques, and anesthesia, as well as developments in intensive care units (ICUs), morbidity and mortality rates associated with GIP have yet to decrease to the desired level [2] . Neonatal GIP occurs in a large heterogenous group, ranging from premature and low-birth-weight infants to healthy term infants [3] . The most frequent causes of GIP include necrotizing enterocolitis (NEC), sepsis, intestinal obstructions, iatrogenic traumas secondary to irritations due to orogastric (OG) or nasogastric (NG) catheters, Hirschprung's disease, mechanical irritation, and spontaneous intestinal perforations (SIPs) [4] .
The aim of this study was to evaluate the etiologies, clinical findings, and factors affecting the outcomes of GIP patients operated on in our hospital.
Material and Methods
Study Design The clinical data of 38 neonatal cases that were operated on for GIP and followed up at the neonatal ICU (NICU) of our tertiary-care health institute between January 2005 and December 2015 were retrospectively evaluated. Our hospital is a reference center with a 46-bed capacity that serves the Northern Anatolian region of Turkey. The diagnosis of GIP was based on history, findings on physical examination, and radiological evidence of free air in the abdomen. Diagnosis of GIP based on clinical and radiological findings was confirmed intraoperatively. Similarly, diagnosis of NEC was also based on clinical and radiological findings in consideration of the modified Bell criteria [5] . The cases were divided into two groups as follows: group 1, GIP related to NEC, and group 2, GIP unrelated to NEC. Approval from the Ethics Committee of our hospital was obtained for this study (protocol no. 03.01; date May 13, 2016).
Outcome Parameters The patients' demographic characteristics, including birth weight, gestational age, gender, type of delivery, and postnatal age during the perforation event, as well as clinical data, including whole blood count, Creactive protein (CRP) levels, etiology, area of perforation, concomitant anomalies, intraoperative findings, surgical complications, and clinical outcomes, were evaluated.
Statistical Analysis Data were analyzed using SPSS for Windows software (version 22; SPSS Inc., Chicago, IL, USA).
Parametric tests were applied to data with a normal distribution, and non-parametric tests were applied to non-normally distributed data. The distribution of categorical variables in both groups was compared using the Pearson's chi-squared test. Data are expressed as the mean ± standard deviation (SD) or the median and interquartile range, as appropriate. A p value <0.05 was considered statistically significant.
Results

Demographic and Clinical Characteristics of the Patients
In total, 38 patients (16 males and 22 females) were included in this study. The incidence of neonatal GIP was 0.53 % among all newborns treated in the NICU, while it was higher (20 %) among NEC cases. The median gestational age was 34 ± 4.1 weeks (range 24-38 weeks), and the median body weight was 2150 ± 97 g (range 670-4050 g). The median postnatal age at the time of surgery was 7.86 ± 6.2 days (range 1-30 days). In 12 (31.6 %) cases, the perforations were related to NEC, while in 26 (68.4 %) cases, the perforations were unrelated to NEC. In our study series, GIP occurred from the prenatal period to postnatal day 30 (median, 7.8 ± 6.2 days). The areas of perforation described during surgical exploration are presented in Table 1 . Perforations were observed in the small intestine (n = 22), the stomach (n = 9), the colon (n = 5), and the appendix (n = 2).
Non-NEC perforations were divided into idiopathic (2 cases, 5.2 %) and secondary perforation (24 cases, 63.1 %) subgroups. Non-NEC pathologies that resulted in secondary perforation included gastric perforation due to irritation of OG and NG catheters (n = 5), volvulus (n = 4), intestinal atresia (n = 3), esophageal atresia and tracheoesophageal fistula (EA + TEF) (n = 2), Hirschprung's disease (n = 2), cystic fibrosis (n = 2), appendicitis (n = 2), congenital weakness of the anterior wall of the stomach (n = 1), duplication cysts (n = 1), invagination (n = 1), and incarcerated inguinal hernia (n = 1). The causes of intestinal perforation included NEC (n = 12), volvulus (n = 4), intestinal atresia (n = 3), invagination (n = 1), incarcerated inguinal hernia (n = 1), and SIP (n = 1). Gastric perforations developed because of iatrogenic causes related to OG and NG catheter insertion (n = 5), EA + TEF (n = 2), and congenital weakness of the anterior wall of the stomach. However, in one patient, no cause of perforation could be detected. In cases with suspected iatrogenic perforations due to irritation by OG or NG catheters, congestion and hyperemia around the area of perforation were observed.
Appendiceal perforation was observed in two cases and cecal perforation developed due to cystic fibrosis in two cases, while it developed secondary to duplication cysts in a further two cases. In one case, it was concluded that perforation of the descending colon secondary to Hirschprung's disease had developed iatrogenically during rectal irrigation in an external center. A statistically significant correlation was not detected between the area of perforation and mortality rates.
Comparison of the Patients in Both Groups
The average birth weight was 1.363 ± 505 g in group 1 and 2.514 ± 922 g in group 2; the difference was significant (p < 0.05). The median gestational age was 30.9 ± 4.03 weeks in group 1 and 35.4 ± 3.4 weeks in group 2; the difference was not significant (p > 0.05). Moreover, concomitant clinical factors including maternal age, prenatal history, associated anomalies, sepsis, white blood cell count and/or CRP levels, surgical findings, and mortality rates were not significantly different between the two groups (p > 0.05). In group 1, 11 (91.6 %) of 12 patients had concomitant respiratory distress syndrome (RDS), and in group 2, 11 (42.3 %) of 26 patients had concomitant RDS (p < 0.05). Concomitant pathologies of the patients in both groups are summarized in Table 2 .
On abdominal examination, abdominal distention and abdominal hyperemia were detected in all (100 %), and in 9 (75 %), group 1 patients, respectively; they were also detected in all (100 %) and 9 (34.6 %) group 2 patients, respectively. Radiological examination revealed pneumatosis intestinalis in all cases with NEC. Moreover, subdiaphragmatic free air was detected in 11 (91.6 %) patients in group 1 and in 22 (84.1 %) patients in group 2 (p > 0.05).
Eight (66.6 %) patients in group 1, and 10 (38.8 %) patients in group 2, died (p < 0.05). The clinical, surgical, and radiological characteristics of the patients with NEC are listed in Tables 3 and 4 . No statistically significant differences were found between the two groups with regard to these characteristics. Birth weights and gestational ages of the deceased patients with NEC were lower than those of the patients who survived. The correlation between birth weight and mortality is shown in Table 5 . In seven (87.5 %) of the eight deceased patients in group 1, additional associated cardiac anomalies and/or RDS manifestations were found.
Discussion
Although the incidence of GIP in newborns is not known exactly, its incidence in NICUs has been reported as 0.6 % [6] . Similarly, in our study, the incidence of neonatal GIP was 0.53 %. The etiopathogenesis of GIP most frequently involves NEC, followed by iatrogenic traumas caused by placement of OG or NG catheters, mechanical ventilation, sepsis, distal gastrointestinal obstructions, Hirschprung's disease, and SIP [7, 8] . In the series presented herein, intestinal (n = 22), gastric (n = 9), colonic (n = 7), and appendiceal (n = 2) perforations were detected. NEC was described in 12 of 22 cases (55 %).
The prognosis of neonatal GIP is dependent on the underlying pathology, the presence of associated anomalies, the preoperative and postoperative levels of health care, the degree of prematurity, and the birth weight. In a previous study, the mortality rate ranged from 30 to 50 % [3] . Overall, in this study, the mortality rate for all cases of perforation was 47 %. It was previously reported that the incidence of perforation was nearly 20 % among NEC patients [9] . Similarly, in our study, the incidence of perforation in NEC cases was 20 %. Moreover, the mortality rate reported in the literature for NEC patients with perforations was 50 % (1), while that in our study was high, at 66 %. In our series, all patients who died due to NEC-related perforations were premature and/or were lowbirth-weight infants and had concomitant cardiac anomalies or clinical manifestations of RDS.
In parallel with the favorable developments that have occurred in the NICU, the rate of survival of very low birth weight babies has increased, which has led to an increase in the incidence of NEC [9] . Worldwide, the incidence of NECrelated perforations is higher than that of perforations due to other causes [8] . Contrary to the literature, in our study, NECrelated perforations constituted 31.5 % of all perforations. We attributed this phenomenon to the fully equipped tertiary level NICU of our hospital, as well as to advancements in health care services.
In agreement with the literature, the incidence of prematurity in cases with NEC-related perforations was higher than that in cases with non-NEC-related perforations in our study [10] , and mortality rates were higher in patients with NECrelated perforations compared with patients with non-NECrelated perforations. Nakamura et al. [11] reported a mortality rate of 84.6 % in infants born at <30 gestational weeks with NEC-related GIP. However, in our study, the mortality rate of these patients was 66.6 %. Moreover, the association between the manifestations of RDS and NEC is a very well-described clinical phenomenon [9] . In our study, 91.6 % of the cases with NEC had associated RDS manifestations. Infants with NEC are generally exposed to perinatal asphyxia and/or fed with hyperosmolar formulas. Therefore, areas of perforation are generally seen in various parts of their small bowels [12] . In our series, multiple perforations were detected in 6 of 12 cases with NEC and in 7 cases with NEC; maternal problems that may have caused perinatal asphyxia were determined.
Hakan et al. [3] reported average mortality rates of 30.7 and 22 % for intestinal and colonic perforations, respectively, while Chung et al. [13] reported an average mortality rate of 58 % for gastric perforations. However, in our study, the average mortality rates in cases with gastric and intestinal perforations were 66 and 45 %, respectively, while only one case with colonic perforation died.
In a previous study, pneumoperitoneum was described in 63 % of neonatal GIP cases [14] , and in our series, 87 % of the patients had pneumoperitoneum. Neonatal gastric perforation is a life-threatening condition seen frequently in premature infants. The etiopathogenesis of GIP includes congenital weakness of gastric muscle layers, gastric ulcer due to gastric secretions with high acidity, increased intragastric pressure due to distal obstruction, iatrogenic traumas secondary to OG and NG catheter irritation, and SIP [15, 16] . In our series, gastric perforations were related to OG and NG catheter placement (n = 5), abdominal distension due to EA + TEF (n = 2), and weakness of the muscles of the anterior wall of the stomach (n = 1); in one case, the cause of gastric perforation could not be determined. Irrespective of its etiology, gastric perforation in newborns generally occurs within 2-7 days of birth [17] , and in our study, gastric perforation occurred within an average of 3.8 days after birth. Early diagnosis of GIP is very important; however, because of its non-specific symptoms, it is usually difficult to make an early diagnosis. An important indicator of gastric perforation on upright abdominal radiograms is massive subdiaphragmatic free air despite the absence of gastric gas [18] . In all of our patients with gastric perforation, massive abdominal distension and subdiaphragmatic free air were found.
In five of nine patients, the cause of gastric perforation was iatrogenic, due to OG or NG catheter irritation, which is higher than the incidence currently reported in the literature [12] . We attribute this higher rate of perforation to the inexperience of our novice physicians and nursing staff. Gastric perforation has been reported frequently in premature and lowbirth-weight infants (18); 78 % of our patients who developed gastric perforation were premature, while the other two babies were term infants with birth weights of ≥3000 g. The mean gestational age of the premature babies with gastric perforation was 33 weeks, and their average birth weight was 1860 g. In two recent studies published in Turkey, the mortality rate due to gastric perforation was reported to be 60 % [19, 20] ; in our series, the mortality rate was also 60 %. We believe that the presence of concomitant life-threatening anomalies and the higher rates of prematurity are responsible for the increased rates of mortality.
In conclusion, multiple factors play a role in the etiology of neonatal GIP, and causes unrelated to NEC are frequently observed. In premature babies with concomitant manifestations of RDS, the development of NEC is relatively probable. The mortality rate of newborns with GIP remains high, and the prognosis of NEC-related perforations is dependent upon NEC necrotizing enterocolitis the presence of prematurity, low birth weight, and any additional associated anomalies. Gastric and intestinal perforations are associated with high mortality rates, while prognosis of cecal and colonic perforations is relatively more favorable.
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